Introduction
Failed back surgery syndrome (FBSS) refers to a subset of patients who experience residual symptoms, such as chronic back pain, leg pain, or numbness, following one or more spinal surgeries. 1, 2 Indeed, a patient complaint or dissatisfaction due to residual symptoms after spinal surgery is essential for an FBSS diagnosis.
The most common symptom associated with FBSS is significant, long-lasting back pain. Dvorak et al 3 studied 575 patients with symptomatic lumbar disc herniation (LDH) who underwent surgical procedures and found that 255 (70%) still complained of back pain, with 83 (23%) reporting constant heavy pain and 172 patients (45%) presenting with residual sciatica. Although many studies have investigated postoperative low back pain, data regarding the characteristics of the pain and abnormal sensations, such as numbness, coldness, or paresthesia in the lower extremities, and a dull ache in the lower back, are very limited. Indeed, symptoms aside from pain tend
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Inoue et al to be ignored, despite being frequently observed after spine surgery. To provide patients with comprehensive information about the residual symptoms that may occur after surgery, it is necessary to determine the prognosis of all symptoms, including low back pain as well as other abnormal sensations. Thus, our current research trajectory is focused on the collection of data regarding the characteristics of pain and abnormal sensations following spine surgery, with the goal of characterizing the outcome of these symptoms and their contribution to the onset or development of FBSS.
Previous reports have stated that FBSS affects approximately 10%-40% of patients who undergo back surgery. [4] [5] [6] However, most prevalence rates were calculated based on the incidence of residual back and/or leg pain or the rate of reoperation. Malter et al also reported that 18% of 6376 patients in the USA who underwent lumbar fusion surgery for degenerative conditions underwent reoperation within the following 5 years. 7 Kim et al conducted a cohort study of the incidence of reoperation, sourced from a national health insurance database. Among the 11,027 patients who had undergone lumbar spine surgery, 14.2% required reoperation at a 5-year follow-up assessment. 8 Since not all surgical patients who experienced an unsuccessful outcome following a spine operation chose to undergo reoperation, the estimated incidence rate of FBSS could significantly exceed 20%.
It is impossible to estimate the prevalence of FBSS accurately using studies that focused on clinical features but did not address patient perspectives. To our knowledge, few studies have estimated the prevalence of FBSS based on both the presence of residual symptoms and patient satisfaction with low back surgery. North et al defined a successful surgical procedure for low back pain as one where at least 50% of patients experienced sustained pain relief and felt satisfied with the results. They reported that in a single facility, 34% of patients experienced a successful outcome after correction. 1 In the present study, we assessed the prevalence of FBSS after low back surgery conducted in multiple facilities, based on various residual symptoms and patient satisfaction assessed by a nationwide Internet survey.
Our investigation had three aims: 1) to estimate the prevalence of FBSS based on both residual symptoms and patient perspectives; 2) to determine the characteristics of residual symptoms such as low back pain, dull ache, numbness, and cold sensations after lumbar spine surgery; and 3) to evaluate the negative impact of such residual symptoms on patient satisfaction with the surgery, health-related quality of life (HRQOL), and mental health. These epidemiologic data could provide new information about the experience of FBSS patients, and may lead to countermeasures in clinical medicine and public health.
Perspectives
We conducted a nationwide Internet survey in Japan to assess the relationships between various residual symptoms after low back surgery and FBSS. Numbness, dull ache, cold sensations, and paresthesia significantly affected patient quality of life (QOL), satisfaction, and mental health. The prevalence of FBSS was 20.6% in 1842 respondents.
Materials and methods

Participants and procedures
This Internet-based survey was initiated in December 2012 in Japan. The survey was performed by Macromill Inc., which is a leading Internet research company in Japan and has over 2,600,000 clients. We carried out a preliminary survey for the selection of participants and an in-depth investigation to gather detailed information. A total of 1842 participants were selected, as detailed in Figure 1 .
Preliminary survey
We administered a preliminary survey to a subset of 1,100,000 members aged 20 or over who had registered with the Internet monitor system (the Macromill research monitor, www.macromill.com/global/index.html) and agreed to participate in health-related surveys upon registration. Recruitment was conducted with the goal of sampling a wide range of diverse participants living in different areas across Japan, to avoid an institutional or regional bias. Individuals were invited to participate in this survey by email. They received an email containing the details of the survey, and if they agreed to participate and provided informed consent by clicking a corresponding link, a screening survey began immediately.
Individuals who answered "yes" to the following three questions were included in the study: "Have you undergone lumbar surgery with a skin incision under general anesthesia?", "If so, was this surgery within the last 10 years?", and "Was the disease that led to the operation one of the following eight diseases: lumbar disc herniation (LDH), lumbar spinal canal stenosis, lumbar spondylolisthesis, lumbar infection, lumbar fracture, tumor, low back pain, lumbar scoliosis?" Of the 832,184 registrants whom we contacted, 280,000 persons agreed to participate in this survey and 3157 respondents answered "yes" to all three questions (an appearance rate of 1.1%). We excluded 389 respondents who answered "Disease unknown" or "Other disease". Based on the preliminary survey, 2768 participants fulfilled our inclusion criteria. 
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Main survey
We asked the 2768 participants to complete an in-depth questionnaire. Before administering the main survey, we verified that the participants were interested in participation by telephone. A total of 2121 people (response rate 76.6%) returned the questionnaire. We carefully evaluated the responses and excluded 274 respondents due to insufficient comprehension of the questions, inappropriate answers, or lack of data. Valid responses were eventually obtained from 1842 participants (1321 females and 521 males). All participants who had registered to the main survey received a book coupon worth about US$5 as compensation.
Questionnaire
We surveyed the participants with a self-completed questionnaire that was administered through the Internet. The survey was developed through piloting and validation. The questionnaire included items regarding patient background characteristics (i.e., age, sex, indication for surgery, preoperative symptoms), ratings of changes in symptoms after the surgery, satisfaction with the surgery, and current QOL and mood. The questions regarding residual symptoms addressed five symptom types: low back pain (including buttock pain), low back dul ache, numbness in the legs, coldness, and paresthesia in the feet. The intensity of low back pain was reported using an eleven-point numerical rating scale (0=no pain, 10=worst pain imaginable). Low back pain scores were divided into four groups based on pain intensity as follows: numerical rating scale (NRS) 0, none; NRS 1-4, mild pain; NRS 4-7, moderate pain; NRS 8-10, severe pain. 9 
Outcome score
The outcome of each residual symptom was ranked using four categories (disappeared, completely cured; improved, partially cured; no change, unchanged or very little change; worsened, aggravated compared with the preoperative degree) before and after the surgical operation. To compare the symptoms before vs. after surgery, we calculated the outcome scores based on the presence of preoperative symptoms and the course of symptoms, as shown in Table 1 .
Patient satisfaction
Respondents were asked to rate their level of satisfaction for each item (i.e., very dissatisfied, somewhat dissatisfied, somewhat satisfied, or very satisfied). We created a two-category satisfaction outcome by organizing the 
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Inoue et al respondents into two groups based on their response to the overall satisfaction question. Specifically, we grouped respondents who answered "very dissatisfied" or "somewhat dissatisfied" into the dissatisfaction group, and those who answered "somewhat satisfied" or "very satisfied" into the satisfaction group.
HRQOL: EuroQol-5 dimensions
Our questionnaire measured the QOL and levels of distress. Specifically, we assessed subjective HRQOL using the "EuroQol-5 dimensions" (EQ-5D) scale. 10 This instrument contains descriptions of health status in five dimensions: "mobility", "self-care", "usual activities", "pain/complaints", and "anxiety/depression". Each dimension has three degrees of response or severity (no problems, some problems, extreme problems). The combination of responses enables the description of 243 different health states, with a set of values ranging from 1 (no problem in any dimension) to −0.111 (severe problems in all five dimensions) anchored by 0 (death) and 1 (full health), with a higher score indicating greater health. The Japanese version of the instrument was developed by the Japanese EuroQol Translation Team.
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Psychological distress: the Kessler psychological distress scale Our questionnaire included the six-item Kessler psychological distress scale (K6) to assess psychological status. 12 The K6 includes items that measure the presence of nervousness, hopelessness, irritability, negative affect, fatigue, and worthlessness experienced over the past 30 days. Items are rated on a five-point scale, with 0 indicating the absence of a symptom and 4 indicating that the symptom was present all of the time during the past 30 days. The final K6 score can range from 0 to 24, with higher scores indicating higher levels of psychological distress. A K6 score over 5 is considered to be a risk factor for a mood disorder in the Japanese population. 13 
Statistical analyses
The data were analyzed using IBM SPSS Statistics for Windows, Version 21.0 for Windows (IBM Corp., Armonk, NY, USA). Continuous data were reported as the mean ± standard deviation (SD) if normally distributed and as the median and interquartile range if not normally distributed. Analyses of variance, Student's unpaired t-tests, and Mann-Whitney U tests were used where appropriate. Categorical data were represented as n (%) and analyzed using Fisher's exact test. We calculated the Spearman correlation coefficient to test the relationships between variables.
We performed simultaneous logistic regression analysis to evaluate the effect of specific demographic characteristics and social factors, as well as disease variables, on pain status. The analysis produced odds ratios and their 95% confidence intervals (CIs). Values of P <0.05 were considered statistically significant in all analyses.
The present study was carried out in accordance with the latest version of the Declaration of Helsinki and approved by the Institutional Review Board at Aichi Medical University, Aichi, Japan. All participants provided informed consent online after receiving a complete description of the study.
Results
Demographic background data
We obtained a total of 1842 useable questionnaires from validated respondents, making the overall corrected response rate 66.5% for the main survey. The respondents consisted of 1321 males and 521 females, with a mean age of 42.6 years (range 20-89 years). The demographic characteristics of the respondents are shown in Table 2 . The most common diagnosis leading to surgery (only one answer was allowed) was LDH (69.1%), followed by lumbar canal stenosis (14.1%), and spondylolisthesis (4.7%). In total, 412 respondents (22.4%) underwent fixation surgery and the remaining 1294 respondents (70.2%) underwent decompression surgery without fixation. Nearly one in five respondents (18.4%) reported receiving multiple back surgeries.
We found no significant differences in the sex ratio of individuals with vs. without FBSS. However, FBSS was more likely to occur in individuals who were older than 65 years (P=0.002). The mean intensity of residual low back pain was significantly higher in the FBSS group. Also, FBSS was more frequent in respondents with spinal fusion and those who had undergone multiple operations, compared with the respondents with decompression and those who had received a single operation. Respondents with FBSS had significantly lower EQ-5D values (0.65±0.17) compared 
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Characteristics of failed back surgery syndrome Mann-Whitney U test; c unpaired t-test. Participants were considered FBSS if they fulfilled two conditions: "dissatisfied" or "somewhat dissatisfied" with their surgery on a four-grade scale and the existence of at least one symptom in any residual symptoms (low back pain, low back dull ache, numbness in legs, coldness in feet, or paresthesia on the sole). Abbreviations: EQ-5D, EuroQol-5 dimensions; FBSS, failed back surgery syndrome; K6, Kessler psychological distress scale; SD, standard deviation.
with those without FBSS (0.83±0.17, P<0.001), as well as significantly higher K6 scores (7.7±5.2, P<0.001), with a mean that was above the threshold for anxiety disorder (i.e., a score of 5). 14 
Prevalence and characteristics of residual symptoms
The preoperative prevalence rates of low back pain, low back dull ache, numbness, coldness, and paresthesia before surgery were 94.0% (95% CI, 92.8-95.0), 71.1% (95% CI, 68.9-73.1), 69.8% (95% CI, 67.7-71.9), 43.3% (95% CI, 41.0-45.6), and 35.3% (95% CI, 33.2-37.6), respectively. The outcomes of the five preoperative symptoms are shown in Figure 2 . The percentage of respondents who answered that low back pain, dull ache, numbness, coldness, and paresthesia disappeared after surgery was 25.4% (95% CI, 23.4-27.5), 22.2% (95% CI, 20.0-24.5), 33.7% (95% CI, 31.1-36.3), 19.2% (95% CI, 16.6-22.0), and 23.7% (95% CI, 20.6-27.1), respectively. Respondents were more likely to report "no symptom change" or that the symptom "worsened" for coldness and paresthesia compared with the other three symptoms.
Patient satisfaction
In total, 78.4% of all respondents expressed satisfaction (very satisfied or somewhat satisfied) with their lumbar surgery (Figure 3) . Across all nine surgical diagnoses, surgery for low back pain and disc herniation had the highest satisfaction rate. Respondents who underwent surgery for spondylolysis (40.7%) and infection (37.5%) reported relatively low satisfaction rates. 
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Prevalence of FBSS
Respondents were considered to have FBSS if they fulfilled the following two conditions: 1) they answered that they were very dissatisfied or somewhat dissatisfied in terms of their patent satisfaction with the surgery and 2) they reported at least one unpleasant abnormal sensation after the operation. The overall prevalence rate of FBSS was 20.6% (95% CI, 18.8-22.6) after all types of low back surgery combined ( Figure 4A ). When the participants were classified into FBSS and non-FBSS groups, the EQ-5D health status of 
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Characteristics of failed back surgery syndrome the FBSS group was significantly lower than that in the non-FBSS group ( Figure 4B ). K6 scores in the FBSS group were also significantly higher than those in the non-FBSS group, suggesting that individuals with FBSS are more likely to experience psychological distress or depression ( Figure 4B ).
The burden of residual low back pain
Respondents had undergone surgery at an average of 3.4 years prior to our assessment, and reported a mean intensity of residual low back pain of 4.3±2.6. A total of 226 respondents reported experiencing severe pain (12.3%), 803 reported moderate pain (43.6%), and 667 reported mild pain (36.2%). A total of 146 respondents (7.9%) reported no pain in the low back.
The outcome score
The estimated outcome scores for abnormal residual symptoms (pain, dull ache, numbness, coldness, and paresthesia) are shown in Figure 5 . The overall outcome scores for low back pain, low back dull ache, numbness, coldness, and paresthesia were 1.0±0.8, 0.7±0.9, 0.7±1.0, 0.2±0.9, and 0.2±0.8, respectively. This indicates that coldness and paresthesia showed the smallest improvement after low back surgery. The outcome score varied somewhat according to the surgical diagnosis. Respondents who had surgery due to a fracture, tumor, or infection had relatively lower outcome scores for all symptoms, compared with the overall average. Table 3 shows the correlations between residual symptoms and patient satisfaction in terms of the mean EQ-5D health status and mean K6 scores. We observed direct correlations between patient satisfactions and outcome scores for all residual symptoms. The correlations between patient satisfaction and outcome scores for each residual symptom were as follows: low back pain: Spearman's ρ=0.537, P<0.001; low back dull ache: Spearman's ρ=0.464, P<0.001; numbness in the legs: Spearman's ρ=0.448, P<0.001; coldness in the feet: Spearman's ρ=0.373, P<0.001; and paresthesia in the feet: Spearman's ρ=0.427, P<0.001. Compared with the other symptoms, the increase in the outcome score for low back pain after surgery was more strongly related to the increase in EQ-5D health status (Spearman's ρ=0.420, P<0.001). In terms of mental status, the increase in the outcome score for dull pain was more strongly related to the increase in K6 score, compared with the other symptoms. Table 4 shows the results of our multivariate logistic regression analysis of independent risk factors for developing FBSS. After adjusting for age and sex, the logistic regression model revealed that severe low back pain (NRS 8-10) was most strongly associated with FBSS, with an odds ratio of 15.21 (95% CI, 7.79-29.7; P<0.001). Each successive category in the NRS showed an increasingly larger significant correlation with FBSS in terms of low back pain intensity, with an odds ratio of 1.40 (95% CI, 1.32-1.49; P<0.001). In addition, a history of multiple low back surgeries was the strongest independent factor associated with FBSS, with an odds ratio of 1.87 (95% CI, 1.25-2.81; P<0.001). Spinal fusion surgery (vs. decompression surgery) was correlated with a risk of FBSS with an odds ratio of 1.12 (95% CI, 0.8-1.57; P<0.001), but this was not a significantly independent risk factor (P=0.496).
Risk factors for developing FBSS
Logistic regression analysis of patient satisfaction
To further identify the predictors of patient satisfaction, we performed logistic regression analysis, after adjusting for age and sex, to estimate the odds ratio and 95% CI (Table 5 ). In the logistic regression model, patient satisfaction after low back surgery was associated with age, the intensity of residual low back pain, the outcome scores for all residual symptoms, a history of multiple low back surgeries, and spinal fusion surgery. Patient satisfaction was also associated with EQ-5D health status and K6 score (P<0.001).
Discussion
This is the first nationwide survey of the prevalence and characteristics of residual low back pain, low back dull ache, numbness in the legs, and coldness and paresthesia in the feet following low back surgery. Although many studies have investigated residual symptoms after low back surgery, these have mainly focused on residual pain in the low back and/or legs. [15] [16] [17] Thus, cross-sectional epidemiologic data regarding residual unpleasant sensations such as low back dull ache, numbness in the legs, and coldness and paresthesia in the feet, are lacking. According to our outcome scores, low back pain was the symptom that was expected to show the greatest improvement after surgery. Conversely, abnormal sensations, especially coldness and paresthesia, were less likely to subside and tended to sustain for a long period after surgery. Huang and Sengupta followed the course of recovery of different sensory symptoms (pain, numbness, and paresthesia) after lumbar nerve root decompression. They found that numbness and paresthesia improved at a much slower speed compared with pain. 18 Pathologically, paresthesia and abnormal sensations or discomfort are thought to arise from damage or oversensitization of A-delta fibers, which are myelinated, relatively larger fibers that convey touch, pressure, and pain sensations. Alternatively, pain is mainly transmitted by C-fibers, which are smaller sensory fibers without myelin sheaths. 19 The recovery rate of small, unmyelinated nerve fibers (C-fibers) involved in pain is faster and more complete than that of the myelinated nerve fibers (A-delta) involved in numbness and tingling symptoms. 20 Thus, to ensure that patients have realistic expectations about surgery outcomes; surgeons should inform patients preoperatively about the difficulty of recovery with respect to these particular symptoms.
Our data indicate that both residual pain and abnormal sensations can decrease patient satisfaction regarding surgery outcomes, as shown in Table 4 . Our adjusted multivariable logistic regression analysis of overall patient satisfaction revealed that the odds ratio of a respondent indicating "no change" in a symptom after surgery was the lowest (0.125) for pain and the highest for paresthesia (1.014). Also, as residual pain intensity increased, the odds ratio of patient satisfaction decreased substantially. This suggests that residual low back pain is the symptom, most closely related to patient satisfaction. However, as shown in Table 3 , the outcome score for residual paresthesia after Notes: Whole sample, N=1842. We excluded participants with outcome scores of 0. Connections between abnormal sensory symptoms (i.e., pain, dull ache, numbness, coldness, and paresthesia) and patient satisfaction, as well as EQ-5D and K6 scores were calculated using Spearman's rank correlations. Abbreviations: EQ-5D, EuroQol-5 dimensions; FBSS, failed back surgery syndrome; K6, Kessler psychological distress scale.
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Characteristics of failed back surgery syndrome surgery is also correlated with patient satisfaction (ρ=0.427), indicating that this symptom should be thoroughly discussed with patients before surgery. Overall, when the symptoms increased in severity, patient satisfaction decreased markedly, regardless of the type of symptom. It has been well established that excessive expectations regarding surgery outcome can have a significant impact on the outcome and patient satisfaction. 21, 22 Also, patient expectations of surgical outcome generally exceed the actual outcome. 23 For instance, Mannion et al reported that many patients were overoptimistic concerning the outcome of their surgery. 21 Given these reports, along with our findings, it appears that the prevention of FBSS may rely on preoperative presentation of precise information about the realistic outcomes and residual symptoms. This may help to adjust the gap between patient expectations and their prospective prognosis. Realistic expectations prior to surgery are likely to have an important impact on patient satisfaction. Although satisfaction regarding surgery in our data was roughly correlated with the outcome scores, some patients were not satisfied even after a symptom was greatly improved or even disappeared, whereas other patients were satisfied despite reporting residual symptoms. This supports the notion that effective patient-provider communication can affect patient 
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Characteristics of failed back surgery syndrome satisfaction and health outcomes. 24 Indeed, communication has been correlated with improved physiologic status, functional outcomes, mental health, and symptom resolution. 25 To reduce the prevalence of FBSS after surgery, it appears that more emphasis should be placed on preoperatively establishing an effective patient-provider relationship.
We found that residual symptoms were not only closely related to satisfaction with surgery, but also to the patient QOL and psychological status. Indeed, chronic low back pain has repeatedly been found to decrease QOL in both clinical 26 and general populations. [27] [28] [29] However, aside from this study, the impact of residual abnormal sensations after back surgery on patient QOL has not been investigated. Indeed, the experience of such abnormal sensations, especially when they were not major complaints prior to surgery, may have an important detrimental effect on patient QOL and mental health, and thus should be considered seriously in pre-and postsurgical practice.
We estimated an FBSS prevalence rate of 21.6% in our 1842 participants, based on the existence of residual symptoms and patient ratings of satisfaction. The general prevalence of FBSS has not been estimated clearly, possibly because the definition is somewhat ambiguous. Most reports have estimated the prevalence of FBSS based on the incidence rate of residual symptoms, the reoperation rate, 1 or the success rate of clinical outcomes. 30, 31 Generally, FBSS refers to persistent or recurrent back and/or leg pain following one or more spinal surgeries, including cases involving anatomically successful spinal surgery. The International Neuromodulation Society defined FBSS as referring to a subset of patients who have new or persistent pain after spinal surgery for back or leg pain. Turner et al performed a meta-analysis of 74 journal articles and reported that, on average, 64% of patients who underwent surgery for lumbar spinal stenosis had good or excellent results. 30 Javid and Hadar reviewed seven prospective studies, and reported an average success rate of 67.8% in a total of 983 patients who underwent lumbar spinal surgery. 31 Based on these reports, FBSS is estimated to affect nearly 30 % of patients who undergo low back surgery. However, all patients who experience residual symptoms after low back surgery do not necessarily have FBSS. In this study, we found a lower rate of FBSS compared with other studies because we used patient satisfaction to estimate the FBSS prevalence. Not all patients with residual symptoms reported being dissatisfied with their surgery. Indeed, 76% of respondents in our study who had more than one residual symptom answered that they were satisfied with their surgery. Therefore, our prevalence data might represent a more accurate rate of FBSS in the general community.
With the goal of reducing surgeon bias, we distributed this Internet survey through a third-party company. Voorhies et al found significant differences between measurements of success or satisfaction collected by a surgeon vs. those collected by another patient, even for relatively simple lumbar surgery. 32 One report from Japan indicated that only 27 of 89 patients (30.3%) showed residual leg pain/numbness 2 years after surgery for lumbar spinal stenosis. 33 However, our data indicate that low back pain and leg numbness disappeared in only 25% and 34% of patients, respectively. As discussed, this large discrepancy regarding surgery outcome may be due to differences in patient willingness to accurately report their residual symptoms and the level of satisfaction to the physicians who performed the surgery or to the researchers at the same institution. Recently, the aim of many health care services has shifted from curing disease to improving QOL outcomes in individuals by assessing patient-reported outcomes measures. An accurate measurement of "patient satisfaction" with a given health care service is an important element of patient-reported outcomes measures, and has become increasingly accepted as an indicator of the quality of health care. Thus, Internet surveys using an anonymous third party may represent an effective way to assess the degree of patient satisfaction with the overall treatment outcomes.
Limitations
Although investigations using the Internet are relatively of low cost, anonymous, and convenient for participants to complete, there are several limitations to this method: 1) some individuals may submit inaccurate responses to receive compensation for the study; 2) it may not be possible to verify the accuracy of patient medical records; and 3) it may be difficult to obtain accurate answers from elderly people with degenerative diseases. These disadvantages are indeed limitations of the present study. Regarding the reliability of the Internet survey, we excluded respondents with conflicts or contradictions in their answers as a way to limit the number of dishonest respondents. As a result, we excluded 274 respondents (13.2%) in the main survey, thus increasing the accuracy and reliability of the present study. Also, in an attempt to avoid any confusion or misunderstandings regarding the contents of the study, especially with respect to participants who were elderly or who had limited medical knowledge, we minimized our use of medical terms. 
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Conclusion
The data from our nationwide online survey of 1842 lumbar surgery patients revealed new information about the prevalence and sociodemographic characteristics of FBSS. We found that residual abnormal sensations such as numbness, coldness, or paresthesia in the lower extremities and dull ache in the low back were highly associated with patient satisfaction and QOL following low back surgery. Also, these residual symptoms were significantly correlated with the development of FBSS. Our findings indicate that FBSS may be reduced by emphasizing the delivery of precise presurgical prognostic information, based on comprehensive epidemiologic data, to patients and by conducting clinical procedures, preparations, and follow-up assessments with a strong focus on patient satisfaction.
